ABSTRACT Let G be a finite group and S be a non-empty subset of G comprising of the non-conjugate elements. In this study, we introduced the non-conjugate graph associated with G with a coinciding set of vertices, such that two distinct vertices x and y are adjacent only if x, y ∈ S. We then discussed some fundamental properties to ensure the algebraic and combinatorial structure of the graph. Afterward, we formulated the resolving set and resolving polynomial for a subclass of dicyclic groups.
I. INTRODUCTION
The graph theory have numerous applications in newly emerging branches of modern science, for instance, atomic bonding, search engine simulation, material physics and wireless networking. It has also been used as a tool to explore and understand complex algebraic structures; semigroups [1] , groups [2] , [3] rings [4] , [5] and vector spaces [6] - [9] . Graphs associated with groups and other algebraic structures have been of a great interest for many algebraists in general and group theorists. Higman and Mushtaq found a simple finite presentation of a well-known group by using coset graphs [10] . In a previous study [11] , the researchers used coset graphs and developed a new technique to understand finite homomorphic images of an infinite group. In literature, Slater [11] was the first to use metric dimension β( ) to explore graphical properties. Later, Harry [12] studied the metric dimension independently. In combinatorial optimization [13] , pharmaceutical chemistry [14] , [15] , robot navigation [12] , [17] , metric dimension used as a parameter. For basic chemical problems, mathematical representations produce a set of compounds such that different compounds are represented by different representations. Ali et al. [16] discussed resolving polynomial for dihedral groups. Algebraic structures can be explored through different graphs [1] - [6] defined according to their varied
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structural characteristics, such as commutativity, conjugation, dependence and independence.
Let G be a finite group, the elements x, y ∈ G are said to be conjugate to each other if axa −1 = y, for some a ∈ G. If there does not exist such relation, then x and y are called non-conjugate elements. This behavior of the elements in the group encouraged to define non-conjugate graph for a finite groupG. Throughout the paper, (G), V ( ) and E( ) represent the sets of all non-conjugate elements, all vertices of non-conjugate graph and all edges of non-conjugate graph respectively.
After identifying this structure, we discuss some fundamental properties in connection with non-conjugate graph (G). Later, we study resolving set, metric dimension and polynomial of non-conjugate graph (G) for the generalized Quaternion groups.
II. PRELIMINARIES
Consider a simple graph (V , E). Let y 0 , e 0 , y 1 
of length k, is called the presentation of z with respect toW . If every vertex of has a unique presentation with respect toW , then W is known as resolving set of . A minimal resolving set of the graph is called basis and its cardinality is known as metric dimension of the graph , denoted by β( ) [6] . A subset of V ( ) is called an i-subset, if its cardinality is i. The family of the resolving sets of cardinality i can be represented by ( , i) and r i = | ( , i)|. The n th degree resolving polynomial β( , x) constructed over a graph is defined as;
where β ( ) represents the metric dimension. Clearly, when
The sequence (r β( ) , r β( )+1 , . . . , r n ) of the coefficients of β( , x) is called resolving sequence.
In group theory, a Dicyclic group is a member of a class of non-abelian groups of order 4n, where n > 1. It is an extension of the cyclic group of order 2 by a cyclic group of order 2n. The generalized Quaternion group Q 2 n is the subclass of Dicyclic groups Dic n . For any integern > 2, the finite presentation of Q 2 n is given below;
Note that, the order and center of Q 2 n is 2 n and Z (Q 2 n ) = e, a 2 n−2 respectively.
Then 2 and 2 are the conjugacy classes ofQ 2 n having order 2 n−2 , whereas i 3 represents the conjugacy classes of order 2. Next, we define three subsets of Q 2 n as follows;
Throughout this paper, G denotes the finite group of order n and c 1 , c 2 , . . . , c q are the conjugacy classes of G of cardinality n 1 , n 2 , . . . , n q respectively.
III. FUNDAMENTAL PROPERTIES OF (G)
In this section, we present some fundamental results to understand the basic properties of (G), that is, connectedness, completeness, chromatic number, domination number and size of the graph.
Theorem 1: (G) is complete if and only if G is abelian.
Proof: Let G be an abelian group. Then, every element of G is self-conjugate. Therefore, each pair of distinct vertices is adjacent, which implies that (G) is a complete graph.
Conversely, let (G) be complete graph. Then, each pair of distinct vertices is connected by an edge. So, each element of G is self-conjugate. Thus, G is abelian.
Theorem 2: The size m of (G) is
. Proof: Since each conjugacy class c i represents an independent subset of (G), so every element of a specific conjugacy class is adjacent with all elements of the remaining conjugacy classes. That is, n 1 elements of c 1 are adjacent with n 2 + n 3 + · · · + n q elements ofc 2 , c 3 , . . . , c q . Similarly, n 2 elements of c 2 are adjacent with n 3 +n 4 +· · ·+n q elements of c 3 , c 4 , . . . , c q . Thus, by making use of inductive hypothesis, we find that there are
Lemma 3: The degree of any vertex in (G) is n − |G x |. Proof: Since an element of the vertex set V ( ) belongs to a specific conjugacy class is adjacent to every other element except its conjugates. Therefore, the degree of the vertex in (G) is n − |G x |.
Lemma 4:
The degree sequence of all the vertices in (G) is (n − |c i |), where i = 1, 2, . . . , q.
Lemma 5: (G) is connected graph with diam( (G)) = 2.
Proof: Let c ∈ Z (G), then c is self-conjugate and hence for each pair of vertices a, b ∈ V ( ), there exists a path a − c − b. Hence, the maximum length of the shortest path between a and b is 2, which means that diam( (G) = 2.
Lemma 6: The domination number of (G) is 1. Proof: Since a conjugacy class represents a dominating set and each singleton class is a dominating set of least cardinality. Hence, domination number of (G) is 1.
Theorem 7: The independence number α( ) of (G) is max(n 1 , n 2 , . . . , n q ).
Proof: Since each conjugacy class of G is an independent set in (G) and the elements in the same conjugacy class are conjugate to each other. So, a graph induced by any conjugacy class is empty. Hence, the independence number α( ) of (G) is cardinality of the largest class, that is, α( ) = max(n 1 , n 2 , . . . , n q ).
Theorem 8: The Chromatic number of (G) is equal to the number of conjugacy classes.
Proof: Since the vertices a and b belong to the same conjugacy class if and only if they are non-adjacent. So, elements of the same conjugacy class can be expressed by the same color. Thus, chromatic number of (G) is equal to the total number of conjugacy classes.
Corollary 9: If G is an abelian group, then chromatic number is equal to the order of the group G. [12] , [17] . We will use them to prove our main result.
Lemma 10 [11] : If u and v are twins in a connected graph,
Either u or v belongs to W . Moreover, if u ∈ W and v / ∈ W , then (W \ {u} {v}) also resolves . Lemma 11 [16] : If U is a twin-set in a connected graph of order n with |U | = l ≥ 2, then every resolving set for contains at least l − 1 vertices of U .
In the following theorem, we find metric dimension of the non-conjugate graph Theorem 12: Let = ξ (G, G) be a non-conjugate graph on a group G of order n. Then a 2 , a 3 , . . . , a n is a finite abelian group, then i. Z (G) = G, which means that Z (G) is a twin set of cardinality n. By Lemma 11, β ( ) ≥ n − 1. ii. The possible resolving set is W = {a 1 , a 2 , a 3 , . . . , a n−1 of cardinality n − 1. Therefore, β ( ) ≤ n − 1. Thus, from (i) and (ii), we have β ( ) = n − 1. If G is non-abelian group, then only Z (G), c 1 , c 2 ,  c 3 , . . . , c k are the twin sets of cardinality |Z (G)|, n 1 , n 2 , n 3 , . . . , n k respectively. Thus, by Lemma 11, we have
Hence the possible minimal resolving set for , W is of cardinality n − k − 1. Thus, β ( ) ≤ n − k − 1.
Corollary 13: Let = ξ (Q 2 n , Q 2 n ) be a non-conjugate graph of Q 2 n . Then
The following proposition is useful in computing n th degree resolving polynomial constructed over non-conjugate graph .
Proposition 14: Let be a connected graph of order n. Then V ( ) is the only resolving set of cardinality n and there are n possible ways to choose a resolving set of cardinality n − 1. In oher words, r n = 1 ∧ r n−1 = n.
Theorem 15: Let = ξ (Q 2 n , Q 2 n ) be a non-conjugate graph of Q 2 n , where n ≥ 3. Then, β ( ,
Proof:
− 2 (Corollary 13), therefore the resolving sequence r 3×2 n−2 −2 , r 3×2 n−2 −1 , r 3×2 n−2 , r 3×2 n−2 +1 , . . . , r 2 n −1 , r 2 n is of length 2 n−2 + 1. 2 and 2 are the twin-sets. So, by the virtue of Lemma 10,
. Now, we compute the value of r 3×2 n−2 −1 . Suppose v 1 , v 2 , . . . , v 2 n−2 +1 ∈ V ( ) and none of the v i 's belongs to resolving set having cardinality 3 × 2 n−2 − 1. Then there are two possibilities; 
